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© Method for identifying gemstones, particularly diamonds. 



© A method of identifying a gemstone, particularly 
a diamond by: exciting the gemstone to cause it to 
emit luminescence radiation according to a lumines- 
cence spectrum unique to the respective gemstone, 
in which the luminescence intensity uniquely varies 
as a function of wavelength; measuring the level of 
the luminescence radiation at a plurality of preselec- 



ted wavelengths of its luminescence spectrum; and 
utilizing the levels of the luminescence radiation at 
the preselected wavelengths to identify the respec- 
tive gemstone and to distinguish it from other gem- 
stones. 
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METHOD FOR IDENTIFYING GEMSTONES, PARTICULARLY DIAMONDS 



The present invention relates to a method for 
identifying gemstones, particularly diamonds, en- 
abling each diamond to be distinguished from other 
diamonds. 

Gemstones In general, and diamonds in par- 5 
ticular, are commonly classified according to var- 
ious properties, including weight, colour and purity, 
which properties greatly affect the value of the 
diamond. An expert gemologist is usually required 
to evaluate these properties in order to determine 10 
the value of the diamond and also to identify and 
distinguish one particular diamond from all other 
diamonds. A need therefore exists for a method to 
identify gemstones in general, and diamonds in 
particular, enabling even a non-expert to quickly is 
and positively identify any particular gemstone and 
to distinguish it from others. 

A number of methods have been proposed in 
the past for identifying gemstones, particularly dia- 
monds. Among these known methods are those 20 
based on: reflection techniques, as illustrated in US 
Patents 3,740,142 and 3,947,120; geometric scat- 
tering techniques, as illustrated in US Patent 
4,012,141; Raman refraction techniques, as illus- 
trated in US Patent 4,799,786; ion implantation 25 
techniques, as illustrated in US Patents 4,200,506 
and 4,316,385; laser micro-engraving techniques, 
as illustrated in US Patent 4,467,172 and Israel 
Patent 64274; and x-ray techniques, as illustrated 
in US Patent 4,125,770. However, none of these 30 
known techniques has yet found widespread use, 
primarily because of one or more of the following 
drawbacks: the high cost and cumbersome proce- 
dures required for identifying the diamonds; the 
lack of reproducibility enabling the same identifica- as 
tion results to be obtained using various types of 
identification apparatus and working conditions; 
and/or the inability of identifying the diamond while 
held in a setting. 

An object of the present invention is to provide 40 
a new method for identifying gemstones, and par- 
ticularly diamonds, having advantages over the 
previously-known techniques in one or more of the 
above respects. 

The present invention provides a method of !u 45 
identifying a gemstone, particularly a diamond, 
comprising: exciting the gemstone to cause it to 
emit luminescence radiation according to a lumi- 
nescence spectrum unique to the respective gem- 
stone, in which the luminescence intensity uniquely so 
varies as a function of wavelength; measuring the 
level of the luminescence radiation at preselected 
wavelengths (or frequencies) of the luminescence 
spectrum; and utilizing the levels of the lumines- 
cence radiation at said preselected wavelengths to 



Identify the respective gemstone and to distinguish 
it from other gemstones. 

Luminescence is the visible glow of light pro- 
duced in certain substances when excited by rub- 
bing, scratching, chemically changing, or irradiating 
the substance, e.g., by sunlight, other sources of 
ultraviolet or infrared rays, cathode rays, and x- 
rays. Luminescence includes both fluorescence 
(the visible glow of light during the exciting of the 
substance by Irradiation), and also phosphoresence 
(the afterglow produced on removal of the excita- 
tion source). Gemologists frequently observe lu- 
minescence of a diamond under ultraviolet light as 
a positive test for a diamond and also as one 
means for determining its purity. 

In the present invention, the luminescence of 
the gemstone is utilized for identifying the gem- 
stone and for distinguishing it from other gem- 
stones, by measuring the level of the luminescence 
at preselected wavelengths (or frequencies) of its 
luminescence spectrum, to provide a series of val- 
ues, each representing one of the preselected 
wavelengths. These values are unique for each 
gemstone as they depend on the structure and 
composition of the gemstone. Therefore, they may 
be used as a "fingerprint" for positively identifying 
the gemstone and for distinguishing it from all 
other gemstones. Preferably, the light intensity of 
the gemstone is measured at least at six points of 
its luminescence spectrum to provide a series of at 
least six values. These series of values may be 
converted to a single identification number identify- 
ing the respective diamond. 

The above method thus enables gemstones to 
be identified and distinguished from other gem- 
stones by using relatively low cost equipment and 
relatively simple procedures. This method has 
been found to exhibit a high degree of reproduc- 
ibility even when the procedure is performed by 
non-experts and under varying conditions. In addi- 
tion, the method may be used for Identifying gem- 
stones while still held in their settings, and do not 
require removal of the gemstone from its setting, 
thereby further simplifying the procedure as com- 
pared to some of the previously-known procedures. 
Fig. 1 is a diagram schematically illustrating one 
form of apparatus constructed in accordance 
with the present invention for Identifying gem- 
stones, particularly diamonds; 
Fig. 2 diagrammatically illustrates one particular 
implementation of the optical system in the ap- 
paratus of Fig. 1; 

Fig. 3 is a block diagram of one form of light- . 
measuring system which may be used in the 
apparatus of Figs. 1 and 2; and 
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Rg. 4 Illustrates the luminescence spectra of 
two diamonds and how these spectra may be 
used for identifying the respective diamonds 
and for distinguishing them from all other dia- 
monds. 5 
In the diagram of Rg. 1, the gemstone 2, e.g., 
a diamond, to be identifed is mounted wHhin an 
enclosure 4 such that the flat table of the diamond 
is exposed via a window 6 communicating with the 
inside of another enclosure 8. The diamond 2 Is to 
exposed to an intense light source 10 via a col- 
limating lens 12, a filter 14, and an inlet opening 16 
in the front wall of enclosure 8. Light source 10 
excites the diamond 2 to luminescence, causing it 
to radiate according to a luminescence spectrum 75 
unique to the diamond. The luminescence intensity 
produced by thus exciting the diamond, is detected 
by a plurality of light detectors 18 communicating 
with the inside of enclosure 8. The light intensity is 
measured and processed by a light-measuring sys- 20 
tern represented by block 20 in Rg. 1, and is 
displayed in a display device 22. 

The light source 10 is preferably a source of 
non-visible radiation, such as ultraviolet light or 
infrared light It is filtered by filter 14 to remove the 25 
visible radiation, and is collimated by the optical 
system 12 to produce parallel rays directed to- 
wards inlet opening 16 in enclosure 8. The parallel 
light rays enter inlet opening 16 and pass through 
window 6 into the table of the diamond 2, thereby so 
exciting the complete diamond to luminescence. 

Enclosure 4 enclosing the diamond 2 includes 
a highly-reflective inner surface which reflects the 
luminescence radiation back through window 6 into 
enclosure 8. The latter enclosure is formed with a 36 
light-diffusive surface having a high reflectance so 
as to uniformly distribute the luminescence radi- 
ation within the enclosure. Detectors 18 have dif- 
ferent spectral responses, i.e., they are sensitive to 
different frequency bands of the luminescence 40 
spectrum. There are as many detectors 18 as 
points of the luminescence spectrum to be sam- 
pled, preferably at least six; and each commu- 
nicates with the interior of enclosure 8 via an 
opening 19. 45 

The light-measuring system 20, to which the 
detectors 18 are connected, thus measures the 
level of the luminescence radiation within enclosure 
8 at preselected sample points of the light spec- 
trum. The resulting measurements are prcessed 50 
and displayed in display 22 (e.g., a visual display, 
printer or recorder), and thereby serve as an iden- 
tification of the examined diamond 2. 

Window 16 receiving the exciting radiation, as ' 
well as the openings 19 through which the detec- 55 
tors 18 are exposed to the luminescence radiation, 
are preferably pinholes so as to minimize the dis- 
turbance of these openings in the uniformity of the 



distribution of the luminescence radiation within 
enclosure 8. Opening 19 of each detector 18 Is 
shielded by a baffle, as indicated schematically at 
24, from direct exposure to the exciting radiation 
from the light source 10 and from direct lumines- 
cence radiation, so that the light detected by it will 
consist only of the visible indirect luminescence 
radiation and will be substantially free of the non- 
visible exciting radiation. 

Rg. 2 more particularly illustrates one imple- 
mentation of the optical portion of the apparatus 
illustrated in Rg. 1. 

The high-intensity ultraviolet light source 10 
includes a parabolic reflector 10a for directing the 
light first through collimating lens 12 and then 
through filter 14 which removes the visible parts of 
the light Enclosure 8 is an integrating sphere, and 
its window 6 is a quartz window which is transpar- 
ent to both ultraviolet and visible tight 

The excitation light enters the table of the 
gemstone, and the luminescence created by this 
excitation of the gemstone is radiated out of the 
gemstone in all directions. The reflecting surface of 
enclosure 4 enclosing the gemstone reflects the 
radiation back through the quartz window 6 so that 
substantially all the luminescence radiation enters 
the integrating sphere 8. The high-reflectance light- 
diffusing coating of integrating sphere 8 uniformly 
distributes the luminescence radiation within it to 
produce a spatially integrated radiation distribution. 
Thus, the radiation spectrum within the integrating 
sphere 6 is completely uniform, such that it can be 
detected in each spot on the sphere surface. 

The unique luminescence spectrum produced 
for the respective gemstone is detected by the 
plurality of detectors 18 each of which has a dif- 
ferent spectral response so as to be sensitive to a 
different frequency or wavelength while blind to the 
exciting ultraviolet radiation. As mentioned earlier, 
each detector 18 communicates with the interior of 
the integrating sphere 8 via pinhole 19 so as not to 
disturb the uniformity of the distribution of the 
luminescence within the sphere, and its pinhole 
includes a baffle 24 so as to be free from direct 
exposure to the ultraviolet light from excitation 
source 10. 

Rg. 3 illustrates one example of a light-mea- 
suring system which may be used as the unit 
identified by 20 In Rg. 1 for measuring and pro- 
cessing the luminescence radiation indicated by 
arrow LR, detected by the detectors 18. 

The electrical signals outputted from the detec- 
tors 18 may be in the form of analog DC or AC 
voltages proportional to the detected radiation in- 
tensity. These outputs are fed to an analogue-to- 
digital converter 30 which produces a digital output 
fed via a buffer 32 to the I/O port of a microproces- 
sor 34 which produces therefrom a measurement 
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of frequency (or wavelength). 

Microprocessor 34 processes this Information 
and outputs it via a display controller 36 to a 
display 38. It may also output this information via a 
UART 40 to an external computer 42 for further 
processing. 

Microprocessor 34 is controlled by a pro- 
gramme stored in a ROM (read only memory) unit 
44 and also includes a RAM (random access mem- 
ory) unit 46 for storing and retrieving data during its 
operation. The operating keys of microprocessor 
34 for controlling its operation (e.g., "Test 1 ' and 
"Read" operations) are schematically shown at 48, 
and are connected to the microprocessor through a 
buffer 50. 

Microprocessor 34 may also be used for con- 
trolling the ultraviolet light source (10, Figs. 1 and 
2) via a controller 52. The power supply for the 
system is schematically illustrated in Fig. 3 by 
block 54. 

Fig. 4 illustrates two luuminescence spectra A, 
B, of two different gemstones, showing how the 
intensity of the produced luminescence uniquely 
varies as a function of the frequency (or 
wavelength). Thus, by measuring the intensity of 
the luminescence radiation at preselected frequen- 
cies (or wavelengths), the gemstone may be iden- 
tified and distinguished from all other gemstones. 
Preferably, the luminescence radiation is measured 
at least at six frequencies, indicated at S1-S6 in 
Rg. 4, but a larger (or smaller) number of fre- 
quencies may be used if desired. Since the de- 
scribed system includes a plurality of detectors 
each having a different spectral response, the sys- 
tem may use six such detectors, one for each 
frequency, so that the outputs of the detectors will 
indicate the intensity of luminescence radiation at 
the respective frequency. If desired, the six-value 
output can be used as the identifying "fingerprint", 
or can be converted to a single identification num- 
ber identifying the respective gemstone and distin- 
guishing it from all other gemstones. 

It will thus be seen that the described method 
can be used for identifying gemstones, particularly 
diamonds, in a convenient, relatively-low cost, and 
reproducible manner. It will also be seen that the 
method does not require that the gemstone be 
removed from its setting in order to enable it to be 
identified, thereby further increasing its conve- 
nience. 

While the invention has been described with 
respect to one preferred embodiment, it will be 
appreciated that many variations may be made. 
For example, the luminescence radiation may be 
focussed on the detectors. Also, instead of using a 
filter set having different spectral responses, there 
may be used one detector with a circular variable 
filter (CVF). Further, the excitation light may be 



directed from all directions on the gemstone. 

Many other variations, modifications and ap- 
plications of the invention will be apparent 

s 

Claims 

1. A method of identifying a gemstone, particularly 
a diamond, comprising: 

w exciting the gemstone to cause it to emit lumines- 
cence radiation according to a luminescence spec- 
trum unique to the respective gemstone, in which 
the luminescence intensity uniquely varies as a 
function of wavelength; 

is measuring the level of the luminescence radiation 
at preselected wavelengths of its luminescence 
spectrum; 

and utilizing the levels of the luminescence radi- 
ation at said preselected wavelengths to identify 
20 the respective gemstone and to distinguish it from 
other gemstones. 

2. The method according to Claim 1, wherein the 
luminescence radiation of the gemstone is mea- 
sured at least at six preselected wavelengths of its 

25 luminescence spectrum. 

3. The method according to Claim 1, wherein the 
luminescence radiation of the gemstone is mea- 
sured bY a plurality of detectors each sensitive to a 
different frequency band of the luminescence spec- 

30 trum. 

4. The method according to any one of Claims 1-3, 
wherein said gemstone is excited by exposing it to 
a source of non-visible radiation. 

5. The method according to Claim 4, wherein the 
35 luminescence radiation is uniformly distributed by a 

light-diffusing surface before it is measured at said 
sample points. 

6. The method according to Claim 5, wherein the 
light radiation is measured by at least one detector 

40 via a pinhole through said light-diffusing surface. 

7. The method according to Claim 6, wherein said 
light-diffusing surface includes a baffle shielding 
said pinhole and detector from direct exposure to 
the source of non-visible radiation. 

45 8. The method according to Claim 6, wherein the 
luminescence radiation is measured by a plurality 
of detectors each via a pinhole through the light- 
diffusing surface, said light-diffusing surface includ- 
ing a baffle for each pinhole shielding the pinhole 

so and its detector from direct exposure to the source 
of non-visible radiation. 

9. The method according to any one of Claims 4-8, 
wherein said gemstone is excited by directing said 
source of non-visible radiation through the table of 

55 the gemstone while the remainder of gemstone is 
enclosed bY an enclosure having a reflecting inner 
surface. 

10. The method according to Claim 9, wherein said 
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source of non-visible radiation is directed through 
the table of the gemstone while the gemstone is in 
its setting. 
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FIG. 3 
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